Knowledge network is the network structure formed by knowledge activities between knowledge agents. Knowledge network efficiency is not only affected by network structure, but also affected by knowledge connection strength between nodes. In this paper, according to the social attributes of knowledge network, a weighted knowledge network evolution model is proposed. A numerical simulation study is carried out to reveal the evolvement rule of knowledge network efficiency and cost. Moreover, the effects of three network structure character parameters and the knowledge connection strength parameter on knowledge network efficiency are analyzed.
of knowledge network, different knowledge connection strength between different subjects have important influence on the efficiency of knowledge diffusion and knowledge level of the whole network. Therefore we need to describe the strength of the interaction between knowledge subjects by giving weight on the connection between knowledge nodes, in order to reflect the detailed structure and function of the actual knowledge network more accurately.
WEIGHTED EVOLUTION MODEL OF KNOWLEDGE NETWORK

Model Construction
In the knowledge network, the nonlinear coupling between knowledge connection relationship and knowledge connection strength of knowledge notes provides power for the evolution of the network (Latora V, and Marchiori M, 2003) . In establishing the evolution mechanism by coupling network topology and weight distribution, the model will be more accurate and effective to reveal the evolution of the actual network. In this study, a weighted evolution model of knowledge network will be builded, taking network efficiency and network cost as statistical characteristics of network evolution, based on WS small world network model.
Network Description and Evolution Rules
Suppose the number of knowledge nodes is N, the number of knowledge connections that link between nodes is L in the knowledge network G. Knowledge nodes represent individual or organization, and knowledge connections represent knowledge connection relationship between nodes. We bring out the quantitative description of weighted knowledge network with adjacency matrix {a ij } and weight matrix {l ij }:
Initial adjacency matrix {a ij }, used to represent if there have knowledge connection relationship between node i and node j. If it exists edge between two nodes, then a ij =1; If it does not exist edge between two nodes, then a ij =0.
Initial weight matrix {l ij }, used to represent the weight of each edge. Here the weight is a variable which reflects the knowledge connection strength between the nodes. If the weight value is greater, the knowledge connection strength between two nodes is smaller.
Conversely, if the weight value is smaller, the knowledge connection strength between two nodes is greater. When there is no edge between i and j, l ij =+∞. Now we can describe a weighted knowledge network G quantitatively with the two matrixes: {a ij } and {l ij }.
A knowledge network with continuous evolvement is constructed according to the initial conditions and the way of broken edge reconnection in WS small world network model, and in every time by changing the broken edge rewiring probability to generate a new network structure, given a random weight within a certain range for each edge on the network. This kind of coupling mechanism with interaction of network topology and weight distribution forms the rule of the dynamic evolution of knowledge network.
The Efficiency of Knowledge Network
As a global statistic of knowledge network evolution behavior, the efficiency of knowledge network used to measure the effectiveness of knowledge flow and knowledge diffusion in the network structure formed by knowledge connection relationship between nodes (Singh J., 2008) .
The definition of the distance d ij between two nodes is different in weighted network and unweighted network. In the unweighted network, d ij is defined as the least number of edges among the paths connected two nodes. While in the weighted network, d ij is defined as the smallest sum of edge weights among the paths connected two nodes. The matrix of distance between two nodes, {d ij }, in the weighted network G can be calculated by {a ij } and {l ij } according to the definition. It is assuming that knowledge flow efficiency eij between any two nodes in the network and the distance dij between two nodes is inverse relationship, that is, the efficiency is inversely related to the distance: the greater the distance between two nodes in the network, the lower the knowledge flow efficiency. Since setting up this relationship, when there is no path connected between the nodes i and j, d ij = +∞, meanwhile, e ij = 0. Averaging efficiency of all pairs of nodes, we can get the average efficiency of knowledge flow and diffusion of the entire network, E 1 (G):
Here, E(G) is a number between [0, 1], the greater the value of E(G), the higher the efficiency of knowledge network. In particularly, when the network is a fully connected network, which there always has a direct link between each pair of edge nodes, network efficiency reached the highest value, E(G)=1.
The Cost of Knowledge Network
On the analysis of the real networks, an important variable: network costs, is need to be considered. We hope that the network efficiency increases with increasing edges of evolution network; on the other hand, joining the edges also has consumed a certain cost.
This situation also exists in the knowledge network. In order to improve the network efficiency, there would change or increase knowledge communication between subjects, which will lead to the adjustment of knowledge network structure. Concurrently, it will consume some resources and bring certain costs, such as changing the communication way between knowledge subjects. How to control the cost, ensuring the high efficiency and low cost of network, is the key to maintain the knowledge network running efficiently. Here a variable for measuring weighted network costs is introduced, C(G):
Where γ is the cost function, which is associated with edge weight between the nodes of the network. In the knowledge network, γ represents the cost of establishing a knowledge connection relationship of a given efficiency. Due to the cost and the distance is proportional to the relationship, that is to say, the greater the distance between nodes, the higher the cost of edge is. We defined γ as γ(l ij )=l ij , actually this proportional relationship exists not only in the unweighted networks, but also in most of the real networks (Herstad S. J., and Aslesen H. W, 2014) . In this condition, the formula of knowledge network cost is simplified to the following form:
Network cost is an economic indicator that must be considered when controlling and adjusting the knowledge network structure. If the "economy" network is defined as a low-cost network, an efficient and economy knowledge network needs to have higher knowledge flow efficiency and low cost edge between knowledge nodes. According to the formula of network efficiency and network cost given above, and normalizing to the value within [0, 1], we can analyze efficiency and cost of such knowledge network under different conditions to find out the factors that influence efficiency of knowledge network.
Simulation Results and Discussion
In establishing a weighted evolution model of knowledge network based on WS small world network, computer simulation programming is carried out with MATLAB language. The simulation results can intuitively reflect the evolution of knowledge network, and can quantitatively analyze the changes in the process of knowledge network efficiency and knowledge network costs. The initial condition of the network: the number of nodes N=200, the degree of each node k=6. Adding random mechanism of broken edges reconnection, and set each reconnection edge a weight value within the range of [1, 3] . 
SIMULATION ANALYSIS OF KNOWLEDGE NETWORK EFFCIENCY
In actual knowledge network, the network topology and weight distribution has the common function of network which is fully embodies in the evolution model built in this paper. From two aspects of knowledge network structure characteristics and knowledge connection strength between the nodes, here we are to use the model simulation results to explore the effects on the knowledge network efficiency.
The Effect of Randomized Degree on Knowledge Network Efficiency
In this paper, the broken edge reconnection probability p is represented a characteristic of dynamic randomized degree of networks. The greater the P is, the higher level of randomization is for the knowledge network. From Figure 1 and Figure 2 , it is clear that different randomized degree generate different network structure affecting efficiency of knowledge network. In the same conditions, the greater degree of randomized network (the broken edges reconnection probability p) is, the higher the knowledge network efficiency is. In the range of small world network, knowledge network reached the highest level of efficiency. Then the network efficiency drops rapidly after the network randomization level continues to increase. This phenomenon tells us the importance of the knowledge network in weak ties. The weak ties of knowledge network refer to that knowledge connection strength in low level among subjects. A small amount of reconnection served for the weak ties of the network, they have a significant impact to the entire network structure. Due to the weak ties join in the network, it has a shorter distance and higher efficiency improving the knowledge level of subjects in the network. In addition, when nearing the regular networks interval (p=1), the decline of knowledge network efficiency can be due to the knowledge difference degree between subjects is reduced, with the network knowledge level unceasing enhancing, the knowledge exchange between subjects decreases and knowledge network efficiency gradually reduce, eventually keep at a stable level. Therefore, maintaining a certain level of weak ties (broken edges reconnection rate) and controlling the network structure within the scope of a small world structure can keep the knowledge network efficiency in a higher level. when the network size increases, the efficiency curve value decreases, the maximum efficiency value of small-world within the interval will also be significantly reduced. This indicates that the knowledge network efficiency will increase as the network size increases.
The Effect of Network Size on Knowledge Network Efficiency
In general, the larger the size of the knowledge network means the more knowledge resources, and the more knowledge exchange activities among the main activities. But from the perspective of the network as a whole, the effectiveness of knowledge networks often depends on the number of non-redundant knowledge connections (Moran P, 2005) .
With the expanding of network size, the number of redundant knowledge connections will increase; these extra repeat connections will increase the cost of network operation, and won't rise to substantial contribution to the effectiveness of the network. Network expansion will bring the burden of redundancy due to the increased redundant connections, and results in a loss of knowledge network efficiency.
The Effect of Network Density on Knowledge Network Efficiency
Taking the numbers of adjacent edges k of the model in this paper as a characteristic defined the weight as an index positively related to distance between knowledge nodes.
That is to say, the bigger connection edge weight is, the greater the knowledge connection strength is between the nodes. On the contrary, the smaller connection weight is, the greater the knowledge connection strength is between the nodes. Using the knowledge network model to compare different weight distribution efficiency, the parameter settings are as follows: the number of network nodes N=100, the number of adjacent edges k=6, and weight distribution is [1, 3] , [7, 9] , [15, 17] respectively, the simulation results are shown in Figure 5 .
Simulation results in Figure 5 intuitive showed that: in the same conditions, regardless the weight distribution of the network value is high or low, knowledge network efficiency curve have no obvious change. This indicates that in the process of evolution of the knowledge network, the knowledge connection strength between each node has no significant influence on the overall efficiency of knowledge network. Represented by Granovetter's theory of "weak ties" shows the importance of the weak ties for knowledge exchange and sharing (Granoveter M., 1997) . He thought that distant connection can join the separation groups and individuals in order to gain new and valuable information. Then other researchers put forward a "strong ties" point of view (Bian, Y. J., 1997; Carnvale S., 2015) . The point is that frequent communication between subjects is easier to share knowledge, and the strong connection relationship can also promote the formation of trust, so as to further promote the exchange and sharing of knowledge among them. In a word, we consider that in knowledge network where having a number of strong ties and weak ties simultaneously, the different kinds of knowledge connection have effect on the knowledge network efficiency in different ways. We can't emphasis on any kind of connection separately. In the knowledge network most of strong ties, because the knowledge exchange between subjects are close and frequent, the accuracy and speed of problem solving is improved, so as to the efficiency of knowledge network. In the knowledge network most of weak ties, these weak ties can be more easier to provide different proprietary knowledge networks, which are more likely to gain more valuable knowledge, also helps to improve the efficiency of knowledge network. Therefore, from the network as a whole, whether strong or weak knowledge connection is to promote the knowledge network and play the positive role. This can explain why knowledge network efficiency doesn't change significantly due to different knowledge connection strength.
CONCLUSION AND PROSPECT
For dynamic knowledge network with social attributes, the network function emerges through the interaction between network topology and knowledge connection strength among knowledge subjects. In this paper, a weighted evolution model of knowledge network is constructed considering the social attributes of network; two global characteristics of network efficiency and network cost are introduced to measure the effectiveness of the whole knowledge network. Next, the model simulation results are discussed relationships between the value of knowledge network efficiency and the following parameters: the randomized degree of network, network size, and network density, which reflect structure characteristic of knowledge network, and the knowledge connection strength, some meaningful conclusions are obtained: (1) Maintain a certain ratio weak connection in the knowledge network and control the network structure within the scope of small world structure, can make the knowledge network efficiency reached the highest level. 
